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Table 6
Contributions of PAHs to total indirect-acting mutagenicity of four fractions in S.
typhimurium TA100 strain with S9 mix (unit: %).

DEP CBP WBP
Nap - - -
Ace - - -
Fle - - -
Phe - - -
Ant - - -
Flu 0.02 1.7 59
Pyr - - -
BaA 0.002 1 35
Chr - - -
BbF 0.01 1.5 44
BKF 0.001 0.3 1.5
BaP 0.0005 26 22
DBA - - 0.11
BghiPe 0.0001 0.019 0.28
IDP 0.0002 0.014 035
Some of 15 PAHs? 0.036° 7.22 382

2 Each mutagenic contribution of DEP, CBP and WBP was calculated by using the
some of fractions 1-4 in Table 1.

BaP showed the highest activity (64rev.nmol-!) among those
PAHs. Activities of all the two- and three-ring PAHs were less
than 1rev.nmol~! (Table 4). The direct-acting mutagenicities
of the twenty-one NPAHs were also assayed independently in
order to clarify the contributions of NPAHs to the direct-acting
mutagenicities of DEPs CBPs and WBPs. 1,8-DNP showed the
highest activities (116rev.pmol~!) followed by the activities
of 3-NBA (53rev.pmol-1), 1,3-DNP (48rev.pmol-!) and 4-NP
(37 rev.pmol~1) (Table 5).

By using results of Tables 2-5, indirect-acting mutagenicity
contributions of PAHs and NPAHs in DEPs, CBPs and WBPs were
calculated by the following equation (Tables 6 and 7):

MxC

contribution =
M, particle

where M is the mutagenicity of each PAH or NPAH, Cis the concen-
tration of each PAH or NPAH in each kind of particle and My, e 1S
the mutagenicity of each kind of particle.

Table 7
Contributions of NPAHSs to total direct-acting mutagenicity of four fractions in S.
typhimurium TA100 strain with S9 mix (unit: %).

DEP CBP WBP
2-NF - - -
4-Nph - - -
9-Nph - 0.004 0.22
5-NAc - - -
2-NA 0.0008 0.058 0.27
9-NA - - -
1-NP 043 0.015 0.13
2-NP - - -
4-NP 0.07 2 -
3-NFR 0.02 04 0.017
2-NTP - - -
7-NBaA - - -
6-NC - - -
3-NBA 10 - -
10-NBA - - -
1,3-DNP 0.62 0.001 0.17
1,6-DNP 0.02 0.049 0.008
1,8-DNP 0.61 0.22 1.2
6-NBaP - - -
1-NPer - - -
3-NPer - - -
Some of 21 NPAHs 120 22 28

2 Each mutagenic contribution of DEP, CBP and WBP was calculated by using the
some of fractions 1-4 in Table 1.

The fifteen PAHs accounted 38% of the indirect-acting muta-
genicity in WBPs which showed the highest value among the three
kinds of particulates. On the other hand, PAHs in DEPs and CBPs
respectively, accounted only for 0.036% or 7.2% of each muta-
genicity (Table 6). Therefore it is important to investigate other
compounds, than the PAHs that contributed over 99.96% or 92.8%
of the indirect-acting mutagenicities in DEPs or CBPs, respectively
in future studies. NPAHs in DEPs accounted for 12% of the direct-
acting mutagenicities and the contribution of 3-NBA was the largest
(10%) among the NPAHs determined. On the contrary, contributions
of NPAHs to the direct-acting mutagenicities of CBPs and WBPs
were smaller (both 2%) and the largest contributors was 4-NP and
1,8-DNP, respectively in them (Table 7).
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Summary

A determination method of atmospheric oxygenated polycyclic aromatic hydrocarbons (Oxy-PAHSs) in particulate
matter and the gaseous phase using gas chromatograph (GC)-mass spectrometer (MS) was studied in the present study.
First, we obtained fundamental data of GC-MS analyses (mass spectra and calibration curves) of twelve Oxy-PAHs as fol-
lows: acenaphthenequinone (AceQ), 1,4-naphtoquinone (1,4-NQ), 9-fluorenone (9-F-one), 1,4-phenanthrenequinone (1,4~
PQ), 1,4-, 9,10-anthaquinone (1,4-, 9,10-AQ), 1-hydroxyanthrquinone (1-OHAQ), 1,2-benzanthraquinone (1,2-BAQ),
benz[c]phenanthrene[1,4]quinine (BcP-1,4Q), 3,4-dihydrobenzo[a]anthracene-1(2H)-one (BaA-one), 1,4-chrysenequi-
none (1,4-CQ) and 9,10-dihydrobenzo[a]pyrene-7(8H)-one (BaP-one). Subsequently, to evaluate collection efficiency of
Oxy-PAHs, air was passed through a quartz-fiber filter (QFF) spiked with authentic Oxy-PAHs and then through cleaned
polyurethane form (PUF) plugs using a mini-pump or a low-volume air sampler for 24 h in the dark at a constant room
temperature (20 or 35 T). Oxy-PAHs retained on the QFF and those trapped within PUF plugs were simultaneously Sox-
hlet extracted, purified with silica by gel column chromatography and determined using GC-MS.

The calibration curves for the determination of the twelve Oxy-PAHs were proportional in the concentration range
between 0. 02 and 1. 0 pg/mL with 7 values of 0. 960-0. 999. Among the twelve Oxy-PAH compounds examined, recover-
ies of six compounds (1,4-NQ, 9-F-one, 9,10-AQ, 1,2-BAQ, BaA-one and BaP-one) during sampling, Soxhlet-extraction
and clean-up procedures sufficiently yielded 79-127% at a room temperature of 20 C and 57-127% at 35 C . The method
detection limits (MDLs) of the six compounds ranged between 0. 61-1. 07 ng/m".

The proposed method was applied to the determination of the six Oxy-PAH compounds in the atmosphere. Air
sample was collected at an urban location of Osaka, Japan for 12-13 February 2007. 1,4-NQ, 9-F-one and 9-F-one were
detected in the sample at concentration level of approximately 0. 7-3 ng/m".

Key words: GC-MS, Oxygenated polycyclic aromatic hydrocarbons, Particulate matter, Gaseous phase, Osaka
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1. FU®HIC

by s R EORBELHEREINTNET 4~V I Ui,
HYN) LTI r E BT, ERBICY R FIRYE (Particulate
matter [PM]) #ZEICHEHT 2V PM 12D\ T, 2%A, IFR
BHHVIGLBOERRE~NOFFTVEHBINT LY 25, BT
KE 2. 5um LT OMNET (PM2.5) 13, FOREO/NSERL
FOGEIBICEA LT, AMEANOHEIRBSINTNE, HEIZ
BWTI, 20094E9 B, BEEE ) PM2.5 DEREIIEIZDOVWTER
®FTH2 2 &, BB LUHAEREE, BHE 2OHH &R ICH
DHATWBEZIATHA, LPLEHEL, PMOERELD AT
ZDMERIEIET 2 LZWE D EFNDZEIZ DWW TORBHRITILE
Ak Bbhs,

W RACEWEOREN 2L DL LT, FREFHERILKZE
(Polycyclic Aromatic Hydrocarbons [PAHs]) 25ZF 65 M b, =
NolE, BFEAEDLVIZEREFEELR EAEICERZE LY RIZTY &
EnmenTsh, HAPTHEMENERS N TR, &
o f, = + o1t PAHs¥® < PAH B 1t % (Oxygenated PAHs
[Oxy-PAHs]) 22 |22\ T, PAHs & F#E, ABE~0@ERE
HEPMEIN TS, FTYH, Oxy-PAHs i, AEWIIBVT
VR Z A A7) v 75 A L CHEEBREEL 4R L, DNAKE
B OB A—C 252720752 ENHLMI R o T
LLE, T Ehh, KEF Oxy-PAHs DIRE L NV 2 DEIRE
MBS A Z L GIERICEECTH B,

FrFHR Oxy-PAHs O4#7121E, —micEdigks o< 757
(High-performance liquid chromatograph [HPLC]) A3fEH & T
BY, BHEBE L TEBRLE DY, LEERBREED 5503
¥ v F ABEMSHTEN (Mass spectrometer [MS]) 2 72 EHH WL
NTWwb, —JF, HAZ1u< k357 (Gaschromatograph [GC])
-MS % 272 Oxy-PAHs D322 Tid, ThofbaiidsE
K[EFLENE S, BESLBEHRWCO, BREXA T3 THBY
LEZLNBY, HFSEIX HPLC & B L TIRFIENE 2, L
2L, GC-MSIEEHA—FAMIE L TWwB I ehs, WYL
BEBLETHELEEDNS,

¥ F R Oxy-PAHs O >~ 7)) » 7220w TiE, N R 2 —
2 (High volume [HV]) =7 —% v 79— % B THEBES
# (Quartzfiber filter [QFF]) X3 W T AMMEAM L ICIHET 5
DN—EHTH B, LA L, Oxy-PAHs ® 9 b HEMS TEOEKY:
9,10 -anthraquinone 2D\ TIE, BEAENLEIE WO 720, i
FORZLTEMICIFEEL TV I HEEETH S, L L, Oxy
PAHs @ PM- SAHM A ERICET 5 ERIZIZ LA RV, 72, HV
L7 =Y 7T — AR, AL BRT AR
F X F v Mk B Oxy-PAHs D5 R Blow-off §OT7 — 714 7 7
7 OB E SN BN,

ARG T, HWTFIRB L URMAEIK Oxy-PAHs D GC-MS % 2 7:
D FHEOREZBRE LT, 12168552, QFF &R Y
L % » 7 4 — & (Polyurethane form [PUF]) #% F\7-Jf#£E%05R,
7)) =7 v TREGC-MS I DV TEBENLRFT E1T o 720
HWEMROBRIIIOVWTIE, 20THEWIE B CICHRELLERE
PUZTELSNAIRBETER L 720 2 518, WEHRIURIZBIT 57 —
FTA4T77 7 MERNNRIIZ LS, IR TXFa—FK) 2
2 (Lowvolume [IV]) =7 —H% 79—k A CEE#E GL/
min) TRREEF| L7z FEBRFEIIOWTUILEY B 5HTER
HeaT VP esEL L,

2. KEHE
2. 1 Oxy-PAHs EZE#EHEE

K HF %2 T ¥ 5 L 7 Oxy-PAHs I&, acenaphthenequinone
(AceQ), 1,4-naphtoquinone (1,4-NQ), 9-fluorenone (9-F-one),
9,10-phenanthrenequinone (9,10-PQ), 1,4-, 9,10-anthaquinone
(1,4-, 9,10-AQ), l-hydroxyanthrquinone (1-OHAQ),
1,2 -benzanthraquinone (1,2-BAQ), benz[c]phenanthrene(1,4]
quinine (BcP-1,4Q), 3,4-dihydrobenzolalanthracene-1 (2H)-one
(BaA-one), 1,4-chrysenequinone (1,4-CQ), 9,10-dihydrobenzo[a]
pyrene-7(8H)-one (BaP-one) ® 12 {L&4 T, AL #, Aldrich 3,
Avocado Research Chemicals #, ICN Biomedicals # 33 X UF Fluka
BioChemika # % £ L 720

2. 2 k%K Oxy-PAH L& D%
2. 2.1 HEOBE

BB IC QFF (E&E47mm, RS ALy r), %EICPUF (K
Z50mm, HE50mm, GLY A4 2 R) 2% /8y T 35—
HFESR, GLY A Ty A) ICEFNICEE L, QFF TK&EH PM #,
PUF TEMARRME 2 HEL 720 RIFETIE, I =K T (MP-3
500, SemiRlyE) XIELV 7 —H > 75— (SP20SLV-30L, GL
AT A) #RVTH®ES 0L/min T24HH, KKREPBERL .
QFF 12600 CT4BMME L7 D%, PUFIZT & b T 8K,
FWTYrunxyrCcleMMy v 7 AL —Hllic kgL, B
BTV — T 2UBMU LRSS0 HEMA L,
2. 2. 2 BIEHEDHRETIRME (Method detection limit [MDL])

BEHARUOASKHATAEROEE

MW FEOBE TRE (Method detection limit [MDL]) EHH
LT, BB L/ QFF L PUFR2EE LY 7728 AR
L, 2.2. 1125, FERICKREZR’T L7z KEAFHI AR AT AL
R BT 2 KRAFREEMKERAER (LT, BiEireR
) TR L7z ZO#AE, EICKEEOS W RHEBER S
FEBBERDHY, L OKAPLEDEORENERE N T
589595 JHEEE SHL D) B 7HL O QFF IZ& Oxy-PAH L&MW %
30ng mIM L 720 WM, 1ng/pL @ Oxy-PAHs B A 1E A
(B AFF V) 242702 ) P T30pl 4L, QFF ki
FA2H#CEIITET Lz AFTFEERICTTCWCER L2 &
fnt%, QFF & PUF & B2 CRULEBICH L7z (2.388). ERmo
TIZowTE 77 7 8BH L Lz

KEFEHAOREE, 200742 B 12 - 13 Ho 24 BEf, BigemT
12T 2.2 1ICHEWIREL L 720 $REUE%, QFF & PUF 1220 F FHiL
B L7 (2.388)
2. 2. 3 FMEYREER

eif L 72 QFF 12 % Oxy-PAH 1L-&% % 300 ng @81 L 720 #INJ5
id, 10ng/ul @ Oxy-PAHs BHEAF I VA k~ A 70 ) ¥
TT30uULAH L, QFF LW T L. @ QFF L BEEEAD
PUF %4 > 775 — 1285 L, IEMAOEERSZICT, —BREDOT,
HITLAREET, 2.2 1 VKA R RS L7z. ZORERIZOWT
X, 20CBLUBTTEBL, HMENERBE LT454, 7
SryrEBHELTIMTERBICHAE L., 20%, QFFB X
O°PUF 3L 2 L2 (2.3 8R),

2. 3 BRIERU GC/MS BIE
220FFEBRICBVWCHELZQFFB X UPUF €Ty v
JAL—HBFICEAL, Yooy EAVT 24 BT

1Torze MMBEIE, ~FYONEHEE 5gD5%EK I T

__.58__



NWTo2)— 7y TafFw, WIZEYE (fluoranthene-diz 3B & O°
perylene-dis, FIEHMIZER) % 2N 2N 28ng TORME, EFKE
FFICE D ImLICBHE Lo RERTERLAZS%EKI AT
Wik, U AFIV (C-200, FIHIBER) 47.5g LK 2.5mL
EFEATIADCAN, HI045HEBL CIRES LTHBEL, 36
MBEF Y r—9—NTRELZDOZHH L, FRERIZRE
FESERE O BESTAEFEH L/,

PR LB 1mL © 9 B 1yl % GC-MS (HP6890 A; Agilent,
5973 N Mass Selective Detector; Agilent) (Z7EA L, Oxy-PAH L&
WEERE L7z, WESME Table 1 12777,

3. HBREEE
3. 1 Oxy-PAH{EEMDT XA ZANRY kI

Oxy-PAH LAY B L UNEEYED VI VA F a7
5 . (Total ion chromatogram [TIC]) # Fig. 1 l2/R$, METL 2

TS Vol.20, No.2 (2010)

FTRTOILEYOE — 7 B S iz,

FALEY DT AARY V% Fig. 21277 T AceQ LIFto 11 14
MonTiL, EERAAA Y ELTHFAF 2R 7. Oxy-PAH
LAMDEFERBLUMHREAT Y (EERAAF Y ETH) X, 14-
NQ (m/z 158, 102), 9-F-one (m/z 180, 152), AceQ (m/z
126, 182), 1,4-PQ (m/z 208, 152), 9,10-AQ (m/z 208,
180), 1,4-AQ (m/z 208, 152), 1-OHAQ (m/z 224, 139),
1,2-BAQ (m/z 258, 202), BaA-one (m/z 270, 212), 1,4-CQ
(m/z 258, 202) B XU BaP-one (m/z 270, 214) &7z -7z

3. 2 BERRUVEBORETIEME (nstrumental detection limit
[(bLp

% Oxy-PAHs D EE# { 10mg % I0mL O~ FH Y ICBE# L,

1.O0mg/mL & L7-d 0% BERRE L, NFH L CHEFRLT,

RS AY0.02-1. Oug/mL, PUZE#RYEH0.5pg/mL &£ %25 X9

IR B L 7o, S OREE WS 5B 5N 7% Oxy-PAHs @

Table 1 Analytical conditions of GC-MS for the determination of Oxy-PAHs

GC
Column SIB-5ms (Supelco, PA, USA)
30mx 025 mm1D., 0.25 umfit.
Column temp. 70 °C (1 min. hold), 30 °C/min. to 130 °C, 5 °C/min. to 310 °C (6 min. hold).
Carrier gas He (constant flow: 1.2 ml/min)
Injection temp. 300 °C
Injection mode splitless
MS
’ Ion source El positive
Ion source temp. 300 °C
Interface temp. 200 °C
Ionization voltage 70eV
Abundance
TIC: 025.D B C
1600000 A
1400000 11
1200000
5 10
1000000
2 12
800000 14
600000 1 4 6 13
400000 3 7
8 9
200000 A J J L l
500 | 1006 1500 | 2006 506 | sc006 | 3506
Time——>

Retention time (min)

Fig. 1 Total ion chromatogram of authentic Oxy-PAH compounds and deuterated PAHs

Concentration of each Oxy-PAH and deuterated PAH were 1. 0 and 0. 5 ng/mL, respectively. 1: 1,4-NQ, 2: 9-F-one, 3: AceQ, 4: 1,4-PQ, 5: 9,10-AQ, 6: 1,4-
AQ, 7: 1-OHAQ, 8: 9,10-PQ, 9: 2-0HAQ, 10: 1,2-BAQ, 11: BcP-1,4-one, 12: BaA-one, 13: 1,4-CQ, 14: BaP-one, A: fluoranthene-d, , B: chrysene-d;,, C:
perylenre-d),. Peak nos. 8 and 9 were not examined, and C was not used in the current study
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Fig. 2 Mass spectra of twelve authentic Oxy-PAH compounds
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Fig. 3 Calibration curves for the determination of twelve Oxy-PAH compounds

Table 2 Calibration curves for the determination of twelve Oxy-PAH compounds and their instrumental detection limits (IDLs)

Oxy-PAHs Calibration curves IDL (pg/uL) RSD (%)
Slope Intersept R’

1,4-NQ 0.1309 —0.0005 0.9994 3.7 4.6
9-F-one 0.7036 -0.0214 0.9992 2.5 35
AceQ 0.0411 -0.0011 0.9604 6.4 7.9
1,4-PQ 0.0488 0.0007 0.9970 74 9.9
9,10-AQ 0.2984 —-0.0235 0.9899 3.0 3.7
1,4-AQ 0.0782 -0.0034 0.9937 6.9 9.0
1-OHAQ 0.0808 —0.0059 0.9904 8.9 114
1,2-BAQ 0.2455 —0.0094 0.9942 42 5.6
BcP-1,4Q 0.3759 -0.0141 0.9979 6.8 8.3
BaA-one 0.239 0.0029 0.9968 33 4.1
1,4-CQ 0.1148 -0.0021 0.9997 5.8 7.3
BaP-one 0.1943 —0.0067 0.9973 25 34
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Fig. 4 Elution patterns of Oxy-PAH compounds through 5 g of silica (5 % deactivated by distilled water) by gel chromatography

Fraction 1 : hexane,
Fraction 2 : 5 % acetone/hexane

Table 3 Average recoveries® of ten Oxy-PAH compounds during extraction and clean-up procedures and those during sampling, extraction

and clean-up procedures

Oxy-PAHs During extraction and Clean—upb During sampling, extraction and clean-up
20°C° 35°¢
1,4-NQ 74 2 79 +£3 57 £ 2
9-F-one 108 =3 117 + 4 121 = 4
1,4-PQ 12 £2 - .
9,10-AQ 102 £5 127 £3 127 £ 5
1,4-AQ 57 =1 50 +£2 24 + 4
1-OHAQ 101 + 2 125 5 200 =1
1,2-BAQ 93 =3 98 5 122 £ 3
BaA-one 98 =+ 1 84 £ 5 100 = 7
1,4-CQ 29 +3 - -
BaP-one 95 + 2 82 + 3 92 + 4

aAverage amount of each Oxy-PAH compound determined by GC-MS relative to the amound added on the QFF.

"Mean=SD (n=3).
“Mean=SD (n=5).
“Mean=SD (n=4).
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gaku Zasshi, 127, 1949-1956 (2007)

R MERREH (UM IR E ISR BRERE IO

T (&)1, 2009469 A

Waller, R.E.: The benzpyrene content of town air. B J. Cancer, 6,

8-21 (1952)

4) Kishida, M., Mio, C., Imamura, K., Kondo, A., Kaga, A., Shrestha,
M.L., Takenaka, N., Maeda, Y., Sapkota, B., Fujimori, K., Shibu-
tani, Y. and Bandow, H.: Temporal variation of atmospheric

~=

2
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Table 4 Method detection limits (MDLs) of Oxy-PAHs and their atmospheric concentrations at an urban location of Osaka, Japan

Oxy-PAHs ~ MDL (ng/m’) RSD (%) Atmospheric concentration (ng/m’) *
This studyb Santiago® Munich’
1,4-NQ 0.76 5.0 1.6 0.27 N.M.
9-F-one 0.69 23 32 0.62 0.35
9,10-AQ 0.61 32 0.72 1.58 0.96
1,2-BAQ 0.86 6.0 N.D. 1.37 0.41
BaA-one 1.07 8.0 N.D. N.M. N.M.
BaP-one 1.05 8.9 N.D. N.M. N.M.

®N.D.: Not detected. N.M.: Not measured.
°Sampled on 1213 February, 2007.
C

See a reference no.29.

d
See a reference no.37.
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Although cigarette smoking is a solid environmental risk factor for rheumatoid arthritis (RA) as revealed by
epidemiological studies, the scientific basis has not been provided. Proinflammatory cytokines produced by
synoviocytes are implicated in the pathogenesis of RA. As cigarette smoke condensate (CSC) is able to up-
regulate the production of proinflammatory cytokines from human fibroblast-like synoviocytes, we studied
the effect of CSC on induction of arthritis in the mouse model of collagen type ll-induced arthritis (CIA).

ﬁi{;:%fs' When mainstream CSC or sidestream CSC was administered into DBA/1] mice at the time of immunization
Rheumatoid with collagen and complete Freund adjuvant, CSC dose-dependently augmented the induction and clinical
Cigarette development of arthritis at both young and older mice. Peritoneal injected mainstream CSC one day before
Smoking immunization also exhibited the augmenting effect, suggesting the systemic effect of CSC. These results
CIA support the etiological role of cigarette smoking in RA.

Aryl hydrocarbon

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Rheumatoid arthritis (RA) is a systemic disease associated with
a chronic inflammatory condition in multiple joints. The disease is
characterized by proliferation of synoviocytes in inflamed synovia,
formation of pannus and production of proinflammatory cytokines
and chemokines by synoviocytes [1]. These cytokines contribute to
the disease by production of proteases and reactive oxygen
intermediates, induction of proliferation of synovial fibroblasts,
cartilage degradation, infiltration of inflammatory cells and
angiogenesis [2,3]. Fibroblast-like synoviocytes as well as synovial
tissue-infiltrating macrophages are major cells producing the
proinflammatory cytokines. Fibroblast-like synoviocytes or trans-
formed cell clones derived from RA patients secrete, constitutively
or in response to interleukin-1 (IL-1) or tumor necrosis factor o
(TNFat), proinflammatory cytokines, including IL-1e, IL-1R, IL-6
and IL-8 [4,5]. The critical role of these proinflammatory cytokines
in RA has been verified in both RA patients and animal models of
arthritis. An improvement of synovial inflammation and decreased
joint destruction in RA patients have been reported following
treatment with neutralizing anti-TNFo antibody [6], soluble TNF
receptor [7], IL-1 receptor antagonist (IL-1ra) [8] or neutralizing
anti-IL-6 antibody [9]. However, the etiology and the mechanisms

* Corresponding author. Tel./fax: +31 52 836 3419.
E-mail address: konozaki@phar.nagoya-cu.ac.jp (K. Onozaki).

1567-5769/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/}.intimp.2010.06.026

responsible for the cytokine induction and subsequent develop-
ment of arthritis remain unknown.

Epidemiological studies indicate an association of cigarette
smoking with disease outcome in patients with early inflammatory
polyarthritis [10], the increase of rheumatoid factor and nodule
formation in patients with RA [11], and a strong association
between heavy cigarette smoking and RA, particularly in patients
without a family history of RA [12]. Especially the risk of smoking
for the disease is quite high in individuals, either men or women,
with shared epitope (SE) in HLA-DRB1 [13]. In addition, maternal
smoking in pregnancy is a determinable factor of infant rheuma-
toid arthritis and other inflammatory polyarthritis [14]. However,
the scientific basis supporting the epidemiological studies has not
been provided.

Polycyclic aromatic hydrocarbons (PAHs) such as 3-methylcho-
lanthrene (3-MC), benzo[alpyrene (B[a]P) and 2,3,7,8-tetrachlorodi-
benzo-p-dioxin (TCDD) are much contained in tobacco smoke. We
have previously reported that 3-MC, B[a]P and TCDD up-regulated IL-
1P mRNA in RA patient-derived SV40 T antigen-transformed human
fibroblast-like synoviocyte line MH7A [15], which has similar
characteristics as parental synoviocytes [16,17]. We also reported
that cigarette smoke condensate (CSC), either mainstream or
sidestream, also induced IL-1c, IL-1B, IL-6 and IL-8 at both mRNA
and protein levels in the cells [18]. As proinflammatory cytokines
produced by synovial cells are critical for RA, in this study we
determined the effects of CSC on induction and clinical development
of arthritis in the mouse model of collagen type IlI-induced arthritis
(CIA), an experimental model of human chronic rheumatoid arthritis.
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2. Materials and methods
2.1. Reagents

Polymyxin B was purchased from SIGMA-ALDRICH Co. (St. Louis,
MO, USA). Bovine type II collagen was from KOKEN Co. Ltd. (Tokyo,
Japan). Incomplete Freund adjuvant (ICFA) and Mpycobacterium
butyricum were from BD (Tokyo, Japan). Endotoxin test kit, Endospecy
ES-24S Kit was from SEIKAGAKU BIOBUSINESS CORPORATION (Tokyo,
Japan). Detection limit was 0.001 EU/ml, where one EU indicates
0.1 ng/ml of Escherichia coli 055:B5-derived endotoxin.

2.2. Preparation of cigarette smoke condensate (CSC)

CSC was prepared as described previously [19]. A common
American brand of cigarette was used in this study. Each cigarette
was 84 mm long, 25 mm in circumference, and had a charcoal filter
that adsorbs normally 9 mg of tar, and 0.8 mg of nicotine. Both
particulate matters from mainstream and sidestream smoke were
collected using a cigarette smoke collection apparatus as described
previously with several modifications [20]. Briefly, cigarette smoking
was performed in a glass chamber (40 cm highx25cm id.).
Cigarettes were smoked at a condition of 90 ml of puff volume per
5s, once every 15 s. The mainstream smoke was collected on a glass
fiber (Shibata, Tokyo, Japan, T60A20 55 mm). This filter system is
effective for the collection of only the particulate matter. On the other
hand, the sidestream smoke was collected at about 170 ml/s. Smoke
from 100 cigarettes was collected. After the cigarettes were
consumed, the weights of the filters with trapped particulate matter
were determined, and the particulate matter was extracted by
sonication with benzene/ethanol (1/3, v/v) four times for 15 min.
The extract was filtered and evaporated to dryness under reduced
pressure, and then the residue was redissolved in ethanol (cigarette
smoke condensate: CSC). The yield of mainstream CSC and sidestream
CSC were 9.25 mg and 18.0 mg per cigarette, respectively. One mg of
CSC, either mainstream or sidestream, did not contain endotoxin as
determined by Endotoxin test.

2.3. Animals

Specific pathogen-free DBA1/] male mice were purchased from
Charles River, Kanagawa, Japan, and the mice were kept in a specific
pathogen-free condition. Standard laboratory food and water were
available to the mice ad libitum. This study was approved by the
animal ethics committee of Nagoya City University.

2.4. Collagen -induced arthritis

Bovine type II collagen (CII) (3 mg/ml) solution in 0.01 M acetic
acid containing vehicles (ethanol) and polymyxinB (0.4 mg/ml) with
or without CSC were emulsified with an equal volume of complete
Freund's adjuvant (CFA), which consists of incomplete Freund's
adjuvant (ICFA) supplemented with M. butyricum (8 mg/ml). In
some experiments, the antigen was emulsified with ICFA without M.
butyricum. Mice were subcutaneously injected with the antigen
emulsion (100 ) at several sites into the base of the tail. After
3 weeks, the mice were intraperitoneally injected with 100 pl CII in
0.01 M acetic acid at the concentration of 0.75 mg/ml.

2.5. Assessment of clinical disease activity

The severity of clinical disease activity in the mice was determined
by examining each of the four paws and scoring on a scale of 0-4, as
follows: 0=normal joint, 1=-erythema and swelling in one finger,
2=erythema and swelling in more than 2 fingers or one big joint,
3 =swelling with below 4 mm thickness and erythema in one entire

paw, 4 =swelling with over 4 mm thickness and erythema in one
entire pow and joint rigidity. The total score for clinical disease
activity was based on all 4 paws and was a maximum of 16 for each
mouse.

2.6. Histology

Mice were sacrificed on day 40 and hindpaws were removed,
skinned, fixed in 4% formalin, decalcified, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin.

2.7. Statistic analysis

Differences between group means were assessed by Mann-Whitney
test. P values less than 0.05 were considered significant.

3. Results

3.1. Mainstream CSC augments induction and clinical development of
arthritis in older mouse

In order to examine the effect of CSC on collagen-induced arthritis,
mice were immunized with antigen emulsified with ICFA or CFA with
or without mainstream CSC (200 pg per mouse) on day 0, boosted
with the antigen alone on day 21, and then the development of
arthritis was measured. Male mice aged 27 weeks were used for the
experiment because male and older mice are prone to develop
arthritis as compared to female and young mice. As shown in Fig. 1A,
none of the mice immunized with antigen in ICFA developed arthritis.
However, the mice immunized with antigen in CFA (positive control)
developed arthritis with the duration of time. Mainstream CSC
augmented the incidence of arthritis. Especially on day 28 only one
mouse in a group immunized with antigen in CFA developed arthritis,
but CSC treatment induced arthritis in all the mice. CSC also
significantly augmented the clinical development of arthritis
(Fig. 1B). This augmentation remained up to 42 days.

3.2. Mainstream CSC augments induction and clinical development of
arthritis in young mouse

Next young male mice aged 6 weeks were used. Dose-dependency
of mainstream CSC was also examined. As compared to older mice
incidence of arthritis was low in mice immunized with antigen in CFA
(positive control) (Fig. 2A). In contrast, treatment with 100 pg CSC per
mouse markedly augmented the induction of arthritis, and the
treatment with 200 pg CSC per mouse further augmented the
induction. CSC also dose-dependently ameliorated the arthritis
(Fig. 2B). Although the difference of scores between positive control
and CSC-treated groups was not statistically significant, this was due
to the very severe arthritis in only one mouse in the positive control
group. The mean body weight of CSC treated mice was low as
compared to control mice, although the difference was not statisti-
cally significant (Fig. 2C).

3.3. Histologic evaluation

Histologic evaluation of joints of mice was performed on day 40 at
the same experimental condition with Fig. 2. The finger joints of the
mice immunized with CIl emulsified with ICFA exhibited no
destruction, and were the same as non-immunized mice (Fig. 3A).
In contrast, those of mice, exhibiting mild arthritis, immunized with
Cll in CFA had moderately destroyed cartilage and subchondrial bone
accompanied by infiltration of inflammatory cells (Fig. 3B). More
severe destruction of the joints accompanied by a large number of
inflammatory cells was observed in mice immunized with CII in the
presence of CSC (Fig. 3C).
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Fig. 1. Mainstream CSC augments clinical development of collagen induced arthritis
(CIA) in mice (27w). DBA/1] mice (27w, male, n=_8) were subcutaneously immunized
with bovine type I collagen (ClI) emulsified with CFA or ICFA with or without
mainstream CSC (200 pg per mouse). After 3 weeks, all the mice were boosted by an
intraperitoneal injection with ClI, and then clinical development of arthritis was
determined. (A) Arthritis incidence. (B) Arthritis score. Each point and vertical bar
represents mean = S.D. of 8 mice per group. **P<0.01: significantly different from the
positive control value.

3.4, Sidestream CSC augments induction and clinical development of
arthritis in young mouse

The effect of sidestream CSC was examined by using 6 weeks aged
male mice. As shown in Fig. 4, sidestream CSC at either 100 pg or
200 pg per mouse dose-dependently augmented the induction of
arthritis and ameliorated the arthritis. However, sidestream CSC at
50 pg per mouse could not exhibit the augmenting effect.

3.5. Intraperitoneal administration of mainstream CSC augments
induction and clinical development of arthritis in young mouse

In order to exclude the possibility of direct effect of CSC on antigen,
mainstream CSC (100 pg per mouse) was intraperitoneally injected
into 6 weeks aged male mice on day —1, immunized with antigen and
CFA on day 0, boosted with the antigen alone on day 21, and then the
development of arthritis was measured. In this experiment CSC also
augmented the induction and development of arthritis (Fig. 5).

4. Discussion

In this study we showed for the first time that mainstream CSC
or sidestream CSC augmented the induction and clinical develop-
ment of arthritis in collagen-induced arthritis. In this study we
used DBA1] male mice for the experiment because male and older
mice are prone to develop arthritis as compared to female and
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Fig. 2. Mainstream CSC augments clinical development of CIA in mice (6w). DBA/1]
mice (6w, male, n=8) were subcutaneously immunized with Cll emulsified with CFA
with or without mainstream CSC (200 ug or 100 pg per mouse). After 3 weeks, all the
mice were boosted by an intraperitoneal injection with CII, and then clinical
development of arthritis was determined. (A) Arthritis incidence. (B) Arthritis score.
Each point and vertical bar represents mean + S.D. of 8 mice per group. (C) Body weight
change. Each point and vertical bar represents mean 4 S.D. of 8 mice per group.

young mice. First, mainstream CSC appeared to augment the
induction and severity of arthritis in older mice. In human onset of
RA is most frequent in 40 to 50 years. However, younger people
aged 10-20 years are also affected. Therefore, we also examined
the effect of CSC in young mice. As expected the incidence of
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Fig. 3. Histologic changes of tarsal joints. All sections stained with H&E. A to C are sections
of finger joints of representative mice from the experiment described in Fig. 2. (A)
Synovitis of non-immunized mice. (B) Synovitis of mice immunized with ClI emulsified
with CFA. (C) Synovitis of mice immunized with CIl emulsified with CFA in the presence of
mainstream CSC (200 pg per mouse). Original magnification, x40.

arthritis in the positive control of young mice was low as
compared to older mice. However, mainstream CSC augmented
the induction and clinical severity of arthritis in the young mice as
well. Sidestream CSC also exhibited the same augmenting effect as
mainstream. Although the data were not shown, we could not
observe the augmenting effect of mainstream CSC at 50 pg per
mouse. Therefore, there were no differences between mainstream
CSC and sidestream CSC. Sidestream CSC contains more carcino-
genic compounds than mainstream CSC. Probably chemicals other
than carcinogenic compounds in CSC are responsible for the
augmenting effect. We added CSC into the emulsion of antigen and
CFA in order to chronically expose the mice to CSC, which is
thought to mimic the daily intake of cigarette. However, CSC
might have directly modified the antigen or has adjuvant activity.
In addition, smokers are exposed to cigarette smoke at the remote
site from synovium. Therefore, we administered intraperitoneally
CSC 1 day before immunization, and found that CSC also exhibited
the augmenting effect, excluding the direct effect of CSC on
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Fig. 4. Sidestream CSC augments clinical development of CIA in mice. DBA/1] mice (6w,
male, n==8) were subcutaneously immunized with Cll emulsified with CFA with or
without sidestream CSC (200 pg,100 pg or 50 pig per mouse). After 3 weeks, all the mice
were boosted by an intraperitoneal injection with Cl], and then clinical development of
arthritis was determined. (A) Arthritis incidence. (B) Arthritis score. Each point and
vertical bar represents mean + S.D. of 8 mice per group. *P<0.05, **P<0.01: significantly
different from the positive control value.

antigen. Rather our findings suggest the systemic effect of CSC on
mice.

Our study is in contrast to the recent report showing that cigarette
smoke and nicotine exposure delayed development of collagen-
induced arthritis in mice [21]. Although the reason is not clear, the
discrepancy may be due to the experimental conditions. We collected
the particulate matter in the smoke from cigarette equipped with a
charcoal filter and injected CSC with antigen while Lindblad exposed
mice with smokes from unfiltered cigarette. Therefore, CSC we used
may contain less amount of nicotine than unfiltered smoke, and the
balance between the active molecule and nicotine may be important
for augmenting the induction of RA. If so, the cigarette containing less
amount of nicotine will be more hazardous in induction of RA. The
active molecular entity in CSC responsible for the augmenting effect is
not known. CSC may contain endotoxin (LPS), which is able to induce
proinflammatory cytokines from macrophages, subsequently it may
contribute to the augmenting effect. However, one mg of CSC, either
mainstream or sidestream, did not contain LPS (detection limit 0.001
EU). In addition, we avoided the effect of undetectable level of LPS by
adding polymyxin B into the antigen mixture. We could not find the
augmenting effect in the extract from filters alone (data not shown).
We have previously reported that PAHs such as 3-MC, B[a]P and TCDD
up-regulated IL-13 mRNA in RA patient-derived human fibroblast-like
synoviocyte line MH7A [15]. We also reported that CSC induced IL-1¢,
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Fig. 5. Peritoneal injection of mainstream CSC augments clinical development of CIA in
mice. DBA/1] mice (6w, male, positive control n=:6, C5C n=8) were subcutaneously
immunized with CII emulsified with CFA. One day before administration of the antigen
mainstream CSC was intraperitoneally injected into mice (100 pg per mouse). After
3 weeks, all the mice were boosted by an intraperitoneal injection of CII, and then
clinical development of arthritis was determined. (A) Arthritis incidence. (B) Arthritis
score. Each point and vertical bar represents mean+S.D. of 6 or 8 mice per group.
**P<0.01: significantly different from the positive control value.

IL-1B, IL-6 and IL-8 at both mRNA and protein levels in the cells [17].
As the effect of CSC in vitro was partially inhibited by an antagonist for
the aryl hydrocarbon receptor (AhR), PAHs as well as other
compounds are thought to contribute to the augmenting effect. This
may also be true for the effects of CSC in vivo. In human higher AhR
mRNA and protein levels were expressed in RA synovial tissue than
osteoarthritis (OA) tissue, and AhR expression was up-regulated by
TNFa [22]. In conjunction with our earlier studies, these findings
suggest that an exposure to AhR ligands in cigarette smoke may
exacerbates RA. Indeed, cigarette smoke exposure is able to induce
AhR activation in vivo in AhR-dependent reporter gene transgenic
mice [23].

Currently about 1% of the world's population is affected by the
disease. Quite interestingly, however, studies on document, excava-
tion, examination of skeletons and paintings suggest that RA has not
been found until 17 century in old world (Europe) {24-28]. Guillaume
Baillou (1558-1616) and Thomas Syndenham (1624-1689) first
identified RA and distinguished it from the related disease, such as
gout and rheumatic fever. However, the reason why RA has not been
found in the old world until the 17th century is a big mystery[29], and
RA is thought to be imported from the new world (America), where
RA was present from 3000 to 5000 years ago [24]. Tobacco is a plant
native in North and South America and imported from the new world
to the old world [30]. Rothschild, Turner and DeLuca [24] included

tobacco among variables that could be responsible for the appearance
of RA in Europe.

These historical contexts support the epidemiological studies that
tobacco smoking, especially heavy smoking, is a solid environmental
risk factor for RA. In our study the yields of mainstream CSC and
sidestream CSC were 9.25 mg and 18.0 mg per cigarette, respectively.
Most importantly, the dose of mainstream CSC (100 pg per mouse),
which is able to augment induction of arthritis in mice, is reachable if
individual with 60 kg body weight takes only 32 cigarettes (manis-
team) or exposed to 17 cigarettes (sidestream) in assuming that all
the smokes were adsorbed. Actually heavy smokers daily intake much
more cigarettes and the number reaches up to uncountable level for a
long period of time. Therefore, significant amount of CSC, especially
because PAHs and other hydrophobic chemicals are readily absorbed,
can be accumulated over a long period of time.

Although further studies are needed to clarify the mechanism of
augmenting effect of CSC on induction and development of arthritis,
our findings support the etiological role of cigarette smoking in RA.
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A correction method for the determination of atmospheric monohydroxylated
derivatives of 1-nitropyrene (hydroxy-1-nitropyrenes, OHNPs) based on their
degradation rates during high volume air sampling was established. OHNPs
adsorbed directly on a quartz fibre filter (QFF) or on airborne particles collected
on a QFF were exposed to ambient air passively or actively in a high volume air
sampling system. The influence of ozone flux and exposure time on the degree of
degradation of OHNPs was investigated. Up to 50% of OHNPs degraded over
1 h of exposure to ambient air containing ~60 ppbv of ozone in the active system.
The degradation rate constants of OHNPs were found to correlate with the
number of ozone molecules passing through the QFF in a unit time (Ng3) during
high volume air sampling. The chemical loss of OHNPs under high volume air
sampling conditions was successfully evaluated by the exposure time and the
pseudo-first-order rate constant for OHNP degradation estimated from the
correlation with Ngos3. Concentrations of 3-, 6-, and 8-hydroxy-1-nitropyrenes in
airborne particles collected in Osaka, Japan were determined using the established
correction method.

Keywords: polycyclic aromatic hydrocarbons; nitropyrene; airborne particles;
sampling artifact; ozone; oxidation

1. Introduction

Polycyclic aromatic compounds (PACs), including polycyclic aromatic hydrocarbons
(PAHs) and nitrated polycyclic aromatic hydrocarbons (NPAHs), are a class of
atmospheric mutagens/carcinogens. In recent years, several kinds of PAHs and their
derivatives have also been found to act as endocrine disruptors that may cause dysfunction
of human and wildlife endocrine systems, abnormalities associated with developing
reproductive systems and deficiencies in immune systems. 1-Nitropyrene (1-NP) is
a representative NPAH formed through combustion processes of fossil fuel, such as diesel
fuel combustion, and one of the most abundant NPAHs in the atmosphere [1,2]. We
recently found that the hydroxylated derivatives of 1-NP (3-, 6-, and 8-hydroxy-
1-nitropyrenes; 3-, 6-, and 8-OHNPs) show estrogenic, antiestrogenic and antiandrogenic
activities in yeast two-hybrid assay systems [3]. 8-OHNP in particular exhibits strong
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antiestrogenic and antiandrogenic activities, e.g. 1.0 x 107°M of 8-OHNP inhibited
32 and 90% of B-galactosidase activity induced by 1.0 x 107" M of 17B-estradiol and
1.0 x 107® M of 5a-dihydrotestosterone in the assay systems, respectively. Gibson ez al. [4]
previously reported that OHNPs were observed in ambient airborne particles. However,
the details of their sources or sinks in the atmosphere are still uncertain. In order to clarify
the health impacts of OHNPs on humans, their monitoring in the atmosphere is urgently
required.

Most of the OHNPs in the atmosphere are expected to be distributed in the particle
phase, because the vapour pressure of OHNPs should be lower than that of the parent
1-NP due to hydrogen bonds derived from hydroxyl groups in their structures. Therefore,
it is necessary to collect airborne particles for determination of atmospheric OHNPs.
Many reports indicated that particle-associated PACs may degrade on glass- or quartz
fibre filters (GFF and QFF) during the collection of airborne particles due to oxidation
reactions with oxidants such as Oz, OH radical, NO; radical, etc. [5-8]. Since OHNPs have
reductive phenolic hydroxyl groups in their structures, they are expected to decompose
more easily than the parent PACs during high volume air sampling. The heterogeneous
chemical reaction of PACs with O3 is an especially important decomposition process of
particle-associated PACs in the atmosphere [9—-11]. In fact, O3 can be regarded as a tracer
for atmospheric oxidising power that drives the chemical degradation of PACs during air
sampling [8]. It is commonly accepted that the substrate material on which PACs are
deposited also affects the degradation of PACs by the reaction with Os. For example, the
decomposition of PACs on GFF and QFF occurs more easily than on Teflon filters [9].
On the other hand, PACs adsorbed onto airborne particles, especially soot-rich particles,
are protected from chemical transformations [12,13].

In this study, we investigated the effect of Os flux, i.e. the number of O; molecules
passing through QFF in a unit time (Ngs/molecules min™'), on the loss of OHNPs under
high volume air sampling. We also established a correction method for the determination
of atmospheric particle-associated OHNPs. This was accomplished by the calculation of
the decomposed fraction of OHNPs on airborne particles during high volume air sampling
based on the degradation rate and exposure time.

2. Experimental
2.1 Reagents and chemicals

3-, 6- and 8-OHNPs and deuterated 3-OHNP (3-OHNP-dg) were synthesised according to
the previously reported procedure [14]. Briefly, acetoxypyrene, which was prepared from
pyrene by treatment with lead tetraacetate in benzene/acetic acid (9/1, v/v), was nitrated
using concentrated HNO; in acetic acid. The obtained mixture of three isomers of
acetoxynitropyrenes was treated with CH3ONa in methanol/THF (1/1, v/v) to obtain
a mixture of OHNPs. Each OHNP isomer was purified by preparative normal phase
HPLC (SUPELCO, Supelcosil PLC-SI, 21.2mm ID x 250 mm, eluted with CH,Cl,
containing 0.5 mM CH;COOH at 10 mL/min). To identify the synthetic compounds, their
GC-MS and proton NMR spectra were compared with literature data [14,15]. 1-NP and
deuterated 1-NP (1-NP-dy) were obtained from Sigma-Aldrich Co. and C/D/N Isotopes,
respectively. All solvents and other chemicals used were HPLC or analytical grades from
Wako Pure Chemical Ind.
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2.2 Chemical analysis of OHNPs by HPLC

The filter samples were cut into fine pieces before extraction. The soluble organic fractions
(SOF) from the filter samples were extracted twice with 100mL of ethanol under
sonication for 20 min. The extract solution was filtered with a cellulose acetate filter to
remove solid residue, followed by adding 100 pL of dimethyl sulphoxide (DMSO) into the
filtrate to avoid complete dryness of the solvent during the concentration steps. After
concentration using a rotary evaporator to ca. SmL and filtration with a 0.45 or 0.22 um
membrane filter, the samples were concentrated to 100 pL under a nitrogen stream to leave
only DMSO, and then 400 pL of methanol was added. An aliquot of each of the sample
solutions was subjected to HPLC analysis. An HPLC system with column-switching and
chemiluminescence detection [16—18] was employed for OHNPs and 1-NP analysis, with
several modifications to the column type and size in the previously reported system [19].
Briefly, the system consists of four HPLC pumps, a 6-port switching valve, a clean
up column (GL Sciences, Inertsil ODS-P, 3.0 mm ID x 250 mm), separation columns (GL
Sciences, Inertsil ODS-EP, 3.0mm ID x250mm or Inertsii ODS-3, 3.0mm
ID x 250 mm x 2), a reducer column (Jasco, NPpak-RS, 4.6 mm ID x 10 mm), a trapping
column (GL Sciences, Inertsil ODS-3, 4.0mm ID x 30mm), and a chemiluminescence
detector (Soma Optics, S-3400). The chemiluminescence reagent solution was an
acetonitrile solution containing 0.03mmolL ™" bis(2,4,6-trichlorophenyl)oxalate and
15mmol L™' H,0,. Mobile phases were methanol/water (3: 1, v/v) for the clean up and
reduction of OHNPs and/or 1-NP, and acetonitrile/imidazole-perchloric acid buffer
(45:55, v/v) for the separation. The reduction of OHNPs and 1-NP into the corresponding
amino compounds, which are strongly fluorescent, was performed at 373 K in the reducer
column. In order to exclude interfering compounds, specific fractions for the analytes
eluted from the clean up column were introduced into the separation column: two different
injections were necessary to determine all the OHNP isomers for a sample. The injection
volume was 20pL. To clarify the origin of the peaks observed in the HPLC
chromatograms, the SOF sample washed with 5% NaOH/water was also analysed by
the HPLC system. For the calibration curves of the standard OHNPs, the chemilumines-
cence intensities were proportional to the concentrations of the three compounds in the
range from 10 to 2000 fmol per injection, and the calibration curves showed good linearity
(r* > 0.999). Quantification limit of the HPLC system employed for each OHNP was
2 fmol (S/N = 10).

2.3 Airborne particle collection for the exposure experiment of OHNPs

Prior to the evaluation of the degradation of OHNPs on airborne particles during high
volume air sampling, ambient particles were collected on the QFF every 3 hours at the
rooftop level of a three-story building approximately 10m above ground level at Osaka
Prefecture University, Sakai, Osaka, Japan (34°55N, 135°51’E). This sampling site is
located in a polluted residential area. Traffic on moderately busy roads Route 310 and
Hanwa-Highway is the only substantial source of air pollutants throughout the year and
no large potential stationary source of airborne particles is located near the site. Sampling
was conducted using a high volume air sampler (Kimoto Electric, Model 120) having no
cut-off stage with the QFF (Advantec MFS, QR100), i.e. total suspended particulate
matters (TSP) were collected, at a flow rate of 1500 L min™" during 12-16 May 2003. The
mass of ambient particles was determined by measuring the weight of the QFF, before and
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